Requirement of MKK4 and MKK7 for CdCl2- or HgCl2-induced activation of c-Jun NH2-terminal kinase in mouse embryonic stem cells.
c-Jun NH(2)-terminal kinase (JNK), also known as stress-activated protein kinase (SAPK), is activated primarily by inflammatory cytokines and environmental stresses including toxic metal exposure. To reveal the upstream kinase responsible for JNK activation by toxic metals, the phosphorylation status and the activity of JNK were examined in mouse embryonic stem (ES) cells lacking MKK4 or MKK7 following exposure to CdCl(2) or HgCl(2). Treatment with CdCl(2) or HgCl(2) induced the phosphorylation of JNK in a dose- and time-dependent manner in wild-type ES cells. In both mkk4(-/-) and mkk7(-/-) ES cells, CdCl(2)- or HgCl(2)-induced phosphorylation and activation of JNK were suppressed significantly. However, in mkk7(-/-) ES cells treated with CdCl(2) and HgCl(2), JNK activation was not abolished (suppressed by 56% and 78%, respectively). These findings suggest that the full activation of JNK by toxic metal exposure requires both MKK4 and MKK7, and these upstream kinases might contribute differentially in JNK activation between mouse ES cells exposed to CdCl(2) and HgCl(2).